Introduction: Giant cell tumors (GCT) are benign lesions that are generally locally aggressive tumors with occasional malignant behavior. These tumors are most frequently encountered in long bones; however, they also occur rarely in the spine. GCT of the spine are rare pathological entities, and spinal involvement shows a sacral predilection, with only a few cases involving the supra-sacral segment (mobile spine). Only a few cases of thoracic spinal GCT are reported in the literature; these tumors are particularly uncommon in the thoracic segment. Presentation of Case: A 29-year-old man presented with a complaint of neck pain over the previous six months that radiated to his left hand. GCT of the upper thoracic spine was diagnosed, which was surgically managed using a 2-stage approach involving total resection of the tumor followed by spondylectomy and multilevel spinal fixation. Discussion: Accurate diagnosis of vertebral column lesions, and choosing an optimum management plan are crucial. In the majority of cases, En-bloc resection of GCTs is not feasible ought to the close contact of the lesion with the spinal cord. Larger studies are encouraged to ascertain the efficacy of variable Case 132 management approaches, particularly compared with piecemeal resection techniques. Conclusion: Spinal GCT are a unique group of tumors with an uncommon and unexpected presentation. Although surgery is the mainstay of treatment for spinal GCT, the management of this tumor can be challenging. No clear management algorithm has been established, and the tumor displays an unpredictable course. Therefore, each case needs tailored treatment.
Introduction
Giant cell tumors (GCT) of the bone are benign neoplasms typically classified as locally aggressive tumors that usually develop after skeletal maturity and show occasional malignant behavior [1] [2] [3] . GCT are involved in the pathology of metaphysis and meta-epiphysis of long bones, and infrequently affect the spinal column. When the spinal column is involved, the sacrum is most often involved, and occurrence in the mobile part of the spine is extremely rare (incidence rate, 1.4-9.4%) [1, 4] .
Involvement of the spinal column occurs in <5% of primary bone tumors and in approximately 2-8% of all bone GCT [1, 3] . Mobile spine GCT comprise <2% of primary bone tumors of the spine, accounting for 2-5% of spinal GCT and <1% of all bone GCT [5] . These osteolytic lesions occur predominantly in females and present primarily during the 3rd or 4th decade of life [1, 3] . Spinal GCT tend to enlarge, leading to compression of adjacent nerve roots and vasculature, with variable manifestations. Multiple treatment plans with different outcomes are suggested in the literature. Although surgery is considered the mainstay of treatment, large prospective studies are needed to establish a treatment algorithm for spinal GCT.
Using CARE criteria [6] , we describe the case of a patient who presented to our institution with a GCT involving the mobile upper thoracic vertebrae. Apparently, this is the first case of its kind to be reported from our region.
Presentation of Case
A 29-year-old man presented to the emergency department with a complaint of neck pain over the previous six months that radiated to his left hand. The pain was progressive, electrical in nature, and associated with numbness at C8-T1 dermatomes. He also complained of weakness for the previous seven days in fine movements of the left hand. This symptom was associated with a weak left-hand grip. Other medical and surgical history was unremarkable.
On clinical examination, marked atrophy of the hypothenar and interosseous muscles of the left hand was noted. Motor examination revealed weakness of left-hand muscles (power, 3/5). Preoperative imaging revealed marked osteolysis and collapse of the T1 vertebra along with an extensive soft tissue component ( Fig. 1 ).
On magnetic resonance imaging, the lesion showed intermediate to low signal intensity on T1-weighted images and intermediate signal intensity on T2-weighted images with heterogeneous enhancement after gadolinium administration. The lesion affected the anterior and posterior longitudinal ligaments without significant compromise of the thecal sac ( Fig. 2 ).
Surgery was accomplished in 2 stages. The 1st stage (anterior approach) involved gross total dissection at the T1 level with spondylectomy, as well as resection of a paravertebral soft tissue component of the tumor and decompression of the spinal cord, followed by anterior placement of a surgical plate and screws at C7-T2 levels. The 2nd stage (posterior approach) involved bilateral laminectomy and excision of the remaining tumor soft tissue extension, followed by spinal hardwire (cage) fixation at C6-T4 levels ( Fig. 3) .
Postoperatively, the patient began improving. Pain intensity decreased dramatically along with gradual improvement in power of the left hand. The diagnosis of GCT was confirmed with histopathologic and immunohistochemical examination for specific GCT markers ( Fig. 4, 5) .
The patient was regularly re-examined for 10 months following surgery using thoracocervical computed tomography (CT) and clinical examinations to locate any local recurrence and possible distant metastatic lesions. He was scheduled for possible adjuvant radiotherapy at another institution.
Discussion
Cooper and Travers first described GCT of the bone in 1818; however, it was not until 1940 when Jeff et al. introduced the first classification approach, based on histopathological characteristics, for the diagnosis and differentiation of GCT from other bone pathologies [7] . GCT are osteolytic and primarily composed of multinucleated giant cells (osteoclast like cells) and mononuclear stromal cells, which are neoplastic and mitotic [8] . Spinal GCT are difficult to diagnose because their imaging and histological characteristics are similar to characteristics of other spinal neoplastic lesions such as primary spinal Aneurysmal Bone Cyst (ABC) and spinal hemangiomas. Further, GCT are the leading cause of secondary ABC, which adds to the complexity of these tumors [9] . However, some imaging and histopathologic differences exist between primary ABC and ABC secondary to GCT. Primary ABC is mainly cystic and ABC secondary to GCT displays mixed solid and cystic regions [9] . Moreover, spinal GCT usually affect the vertebral body, whereas primary ABC frequently occur in posterior spinal elements [3, 9, 10] . Thus, biopsy specimens should be obtained carefully to avoid any sampling errors and misdiagnoses.
Central giant cell lesion (CGCL) and GCT are bone lesions that share similar microscopic features. Although CGCL is considered one of the differential diagnosis of GCT and both entities share histopathological dominance of non-neoplastic osteoclast-like giant cells, immunohistochemical and cytogenetic studies are the only method to distinguish between GCT and CGCL. H3F3A p.Gly34 Trp or p.Gly34 Leu mutations are not often found in CGCL. Thus, the assessment of H3F3A mutations may help in the differential diagnosis of GCT and CGCL Which expressed by neural and vascular markers [11] . Moreover, CGCLs demonstrate focal immunopositivity for SMA, but immunoreactivity of GCT for SMA is controversial. For vascular markers, CGCLs show moderate to the strong expression of CD34 but GCT reveals no significant expression of the same marker [12] . In the retrospective review by Si et al. [9] , plain radiography and CT showed similar imaging findings for expansile osteolytic lesions; however, cortical vertebral changes were more pronounced in CT scans. Spinal GCT have a higher rate of lung metastasis than GCT of long bones [2, 13] . Radicular pain is the most common presenting complaint in spinal GCT. Myelopathic complications can also occur because of spinal cord compression. Although it was previously believed that spinal GCT affect mobile spine segments equally, more recent studies have shown different distribution among mobile spine segments [1, 9, 10, 13, 14] . Total en-bloc spondylectomy and intralesional excision with or without adjuvant therapy are now widely used surgical techniques. Because of the locally aggressive nature of the tumors and their high rate of recurrence, total en-bloc spondylectomy including tumor margins is the optimal surgical option. This approach has reported better prognosis and lower recurrence rate [14, 15] . However, this option is challenging because, in most cases, at diagnosis spinal GCT will have already invaded the cortex and extended to adjacent soft tissues in the thoracic region. Moreover, anatomical complexity and risk of injury to major structures and blood vessels associated with complete excision depend largely on tumor extent within vertebrae and related structures. In most cases for which total en-bloc resection is unfeasible, an alternative treatment can be subtotal or marginal intralesional excision followed by local adjuvant radiotherapy.
Enneking and Weinstein-Boriani-Biagini (WBB) staging systems may be useful in planning surgical treatment [14] . Application of this staging system for benign musculoskeletal tumors for spinal GCT is based on integrity of the tumor capsule and the extent of the surrounding reactive zone [14] . Campanacci et al. [16] classified GCT using a 3-grade system which is similar to Enneking staging. In the presented case, the lesion displayed evidence of cortical breakthrough and was accompanied by a soft tissue mass, which is consistent with Enneking stage III/Campanacci grade III. These classifications were designed to identify the extent of surgery needed for optimal tumor resection. However, the utility of radiology and histopathology for prognosis of spinal GCT local recurrence, aggressiveness, and outcomes is disputed [8, 17] . Boriani et al. [10] described a large series of GCT in the mobile spine; their data showed that total en-bloc resection is the preferred management for Enneking stage III tumors.
Other treatment options can be considered in addition to surgical resection for primary and recurrent lesions, including embolization, radiotherapy, cement implantation, and biological agents. As most lesions are hypervascular, preoperative embolization of GCT decreases the risk of intraoperative bleeding [18, 19] . Use of radiotherapy induces high rates of local control (up to 77% in both primary and recurrent cases of GCT) [20] . Furthermore, therapeutic radiation is considered the mainstay conservative treatment for inoperable GCT [13] . A recent systematic review of 42 patients suggests that GCT had a 100% response rate with 79% local control and 97.6% overall survival [13] . Moreover, no patients developed sarcomatous transformation after irradiation. The authors attributed this observation to recent improvements in radiotherapy safety [21] . Bone cement is used as an adjuvant to surgical resection to improve stability and to relieve intractable pain. Some authors have suggested that bone cement injection induces cytotoxic tumor necrosis [22, 23] . Trials of monoclonal antibody therapy for GCT, including denosumab as neoadjuvant chemotherapy, have shown favorable effects in combination with surgical downstaging, even in cases with extraosseous epidural extent [24] . Refai et al. [19] and Mahajan et al. [25] reported a combined approach in two cases that used preoperative embolization of the tumor vascular supply, followed by complete resection and postoperative radiotherapy, with no recurrence at 12 months after surgery. Preoperative embolization may provide better intraoperative control and significantly decrease intraoperative bleeding, allowing for better utilization of a dry surgical field and consequently maximizing the chances for total tumor resection. Further, postoperative adjuvant radiotherapy can provide better local control and may substantially decrease the high recurrence rate of spinal GCT. Finally, magnetic resonance angiography can be used before tumor embolization to rule out any spinal arterial feeders. Further studies are needed to assess the outcomes of this "3-step" management plan for spinal GCT.
Conclusion
GCT of the thoracic spine are difficult to treat because of their anatomical complexity and high recurrence rate. Tissue biopsy remains the "gold standard" for diagnosis of spinal GCT, and surgical tumor resection is the cornerstone of treatment. The 3-step management plan for spinal thoracic GCT may provide better outcomes and minimize additional surgery for recurrent tumors. However, in the absence of large prospective studies and a clear consensus on a standard treatment algorithm for spinal thoracic GCT, treatment should be individualized based on tumor extent and patient presentation. 
